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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser treatment equipment 
capable of obtaining a more uniform solidification state on the 
solidification surface of the eyeground of patient's eye. 
SOLUTION: In this laser treatment device provided with a light guiding 
optical system for guiding a laser beam from a laser beam source to 
the eyeground of patient's eye, the light guiding optical system is 
provided with a homogenizer optical system for almost uniformizing 
the energy distribution of the laser beam, a relay optical system 
provided with a lens for relaying the emission end face image of the 
homogenizer optical system onto the eyegrouond and a distortion 
generation optical system arranged between the relay optical system 
and the homogenizer optical system for generating negative distortion 
aberration in the emission end face image formed on the eyeground. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention irradiates a laser beam at the affected part, and relates 

to the laser therapeutic device which treats by performing the photocoagulation. 

[0002] 

[Description of the Prior Art] There are a defocusing type which carries out laser radiation, without carrying out image 
formation of the outgoing radiation end-face image of the optical fiber which carries out the light guide of the laser 
beam from a laser light source in respect of the exposure on eyegrounds (target), and a par focal type of the laser 
therapeutic devices which perform the photocoagulation to which image formation of the outgoing radiation end-face 
image is carried out on a target. When the intensity distribution of the outgoing radiation end face of an optical fiber 
are uniform, since the intensity distribution of an exposure side also become homogeneity, the par focal type is made 
better than a defocusing type with the powerful intensity distribution in a center. 
[0003] 

[Problem(s) to be Solved by the Invention] However, even if the par focal type had the uniform intensity distribution in 
respect of an exposure, the tissue reaction was not uniform, and since there was orientation which heat concentrates on 
a center section and it can begin to burn from a center section, it had the problem that it did not become in spots 
[ uniform / coagulation ]. Especially this appears notably, when the diameter of a spot of laser radiation is enlarged. 
[0004] This invention makes it a technical technical problem to offer the laser therapeutic device which can acquire a 
more uniform coagulation condition (coagulation spots) in a coagulation side in view of the problem of the above- 
mentioned conventional technology. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it is characterized by 
equipping this invention with the following configurations. 

[0006] In a laser therapeutic device equipped with light guide optical system which carries out the light guide of the 
laser beam from a laser light source to patient eye eyegrounds (1) Said light guide optical system Homogenizer optical 
system which carries out abbreviation equalization of the energy distribution of a laser beam, and relay optical system 
with a lens which relays an outgoing radiation end-face image of this homogenizer optical system on eyegrounds, It is 
arranged between this relay optical system and said homogenizer optical system, and is characterized by having 
distortion generating optical system which makes an outgoing radiation end- face image which carries out image 
formation on eyegrounds generate negative distortion aberration. 

[0007] (2) Homogenizer optical system of (1) is characterized by being the optical fiber which carries out the light 
guide of the laser beam from said laser light source. 

[0008] (3) It has 2 short focal distance lens, the [ by which said distortion generating optical system is arranged 
sequentially from said homogenizer optical-system side in a laser therapeutic device of (1) ] - the [ 1 short focal 
distance lens and ] -- the [ said ] - a focal distance of 1 short focal distance lens - the [ Fl and / said ] - a time of 
setting a focal distance of 2 short focal distance lens to F2 - the [ said ] - the [ from 1 short focal distance lens / said ] 
- it is characterized by making distance of 2 short focal distance lens longer than F1+F2. 

[0009] (4) a laser therapeutic device of (3) ~ setting - the [ said ] -- the [ from 1 short focal distance lens / said ] - 
distance of 2 short focal distance lens is characterized by being set up so that a rate of negative distortion generating 
may serve as a value which carries out expected. 

[0010] (5) a laser therapeutic device of (3) - setting - the [ said ] - the [ 1 short focal distance lens and ] - between 2 
short focal distance lenses - the [ said ] - the [ 1 short focal distance lens and ] -- it is characterized by what an 
optical-path-length adjustable means made adjustable has stationed the optical path length with 2 short focal distance 
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lens for. 

[001 1] (6) an optical-path-length adjustable means of (5) - the [ said ] - the [ 1 short focal distance lens and ] - with a 
beam reflective member arranged out of an optical path between 2 short focal distance lenses the - a beam reflected by 
said beam reflective member after bending a beam which passed 1 short focal distance lens ~ again — the — with a 
beam bending member led to 2 short focal distance lens this beam bending member - the [ said ] - the [ 1 short focal 
distance lens and ] ~ it is characterized by having an insertion-and-detachment means to insert to an optical path 
between 2 short focal distance lenses. 

[0012] (7) In a laser therapeutic device of (5), it is characterized by having equipped said relay optical system with a 
variable power optical department which makes an image formation scale factor on eyegrounds change, and 
considering said optical-path-length adjustable means as a configuration which carries out adjustable [ of the optical 
path length ] according to modification of an image formation scale factor by said variable power optical department. 
[0013] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on a drawing. Drawing 1 is 
drawing having shown the external view of the laser therapeutic device which performs the photocoagulation of a 
patient eye. 

[0014] 1 is a main part of equipment and the optical system which carries out incidence of the light source, the aiming 
light, and the laser beam for a therapy which are used for the laser light source and aiming light for the therapy used for 
the photocoagulation to an optical fiber 2 is contained. 

[0015] 3 is the control section which performs a required setup of laser radiation conditions, such as a laser output and 
irradiation time, or equipment. 4 is slit lamp delivery which irradiates a laser beam at the affected part of a patient eye, 
observing a patient eye, and is equipped with microscope section 4of laser radiation section [ which irradiates the laser 
beam by which the light guide was carried out to the optical fiber 2 ] 5, lighting section [ which carries out slit lighting 
of the patient eye ] 6, and both eyes a. 7 is a foot switch which sends out the trigger signal of laser radiation. 
[0016] Diameter accommodation knob of spot 5b for changing the path of the spot image (outgoing radiation end- face 
image of an optical fiber) of the laser beam which carries out image formation is prepared insertion-and-detachment 
knob 5 a for making the laser radiation section 5 insert [ prism / which is installed in the interior / 23 (refer to drawing 
2 ) / 1st ] from an optical path, and on patient eye eyegrounds. By using diameter accommodation knob of spot 5b, the 
diameter of a spot of a laser beam is changeable from 50 micrometers to 500 micrometers. 

[0017] Drawing 2 is drawing explaining the optical system of this equipment. It is condensed by the incidence end face 
of a fiber 2 with a condenser lens 12, and incidence of the laser beam from a laser light source 10 is carried out into a 
fiber 2. A dichroic mirror 1 1 is arranged between a condenser lens 12 and a laser light source 10, and after the visible 
laser beam by which outgoing radiation was carried out from the light source 15 for aiming minds a collimator lens 16, 
it is made into a laser beam and the same axle from a laser light source 10 with a dichroic mirror 11. The laser light 
source 10 for a therapy used with this gestalt is Nd:YAG which oscillates a 1064nm fundamental wave. What obtains 
from laser the green light which is the 2 double wave (532nm linearly polarized light) is used. Moreover, the 
semiconductor laser which emits 630nm red light is used for the light source 15 for aiming. 
[0018] The laser beam from a laser light source 10 is led to the laser radiation section 5 with an optical fiber 2. 
Abbreviation equalization of the energy distribution of the laser beam by which outgoing radiation is carried out from 
outgoing radiation end-face 2a of an optical fiber 2 is carried out by using an optical fiber 2. The laser radiation section 
5 interior is equipped with the exposure optical system 20 for carrying out the light guide of the laser beam by which 
outgoing radiation is carried out from an optical fiber 2 to targets (eyegrounds of the patient eye E etc.). The exposure 
optical system 20 consists of distortion generating optical system 21 which generates distortion negative in the image 
formation location of the outgoing radiation end face of an optical fiber 2, and relay optical system 30 which spreads 
the distortion generating optical system 21 or the laser beam from an optical fiber 2 to a target. 

[0019] the distortion generating optical system 21 - the - the [ 1 short focal distance lens 22, the 1st prism 23, the 2nd 
prism 24, and ] - it has 2 short focal distance lens 25. the 1st prism 23 - the device of a rack & pinion - insertion-and- 
detachment knob 5a - specified quantity ****-- it is the device moves in the direction of an arrow head by things, and 
an optical path inserts [ device ]. the laser beam which carried out outgoing radiation from outgoing radiation end-face 
2a of the optical fiber 2 with a circular end face when the 1st prism 23 was inserted in the optical path - the - if 1 
short focal distance lens 22 is passed, the optical path will be bent by the 1st prism 23, and it will face to the 1st prism 
23 after ** turned up by the 2nd prism 24. the laser beam bends the optical path again by the 1st prism 23 - having - 
the - 2 short focal distance lens 25 is passed. 

[0020] using the 1st prism 23 and the 2nd prism 24 in this way with the gestalt of this operation - space-saving - the - 
- the [ 1 short focal distance lens 22 and ] - although it enables it to secure the optical path length between 2 short 
focal distance lenses 25, it does not restrict to this and two or more required optical path lengths can be obtained using 
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a reflective mirror etc. 

[0021] By equipping the relay optical system 30 with the movable mirror 34 for changing a relay lens 31, the zoom 
lens group 32, an objective lens 33, and the direction of outgoing radiation of a laser beam, by using diameter 
accommodation knob of spot 5b, the zoom lens group 32 moves in the direction of an optical axis, and changes the 
image formation scale factor of a laser beam. A laser beam is irradiated by the eyegrounds of the patient eye E through 
a contact lens 35. 

[0022] The source 40 of the illumination light is arranged at the lighting section 6, it is reflected by the division mirrors 
45a and 45b, and the illumination light from the source 40 of the illumination light illuminates the patient eye E, after 
minding a condenser lens 41, a slit 42, and the projection lens 43. 44 is a correcting lens which amends the optical path 
length of the illumination light reflected by the division mirror. Moreover, binocular microscope section 4a is equipped 
with an objective lens 50, the variable power optical system 51, the protection filter 52, the erecting prism group 53, a 
field diaphragm 54, and an ocular 55. 

[0023] Next, negative distortion generating by the distortion generating optical system 21 is explained using drawin g 
3 . In addition, in drawing 3 , it was shown in a straight line without the expedient top of explanation, and prism 23 and 
24, and outgoing radiation end- face 2a of a fiber was made into the rectangle configuration. 
[0024] the image formation location (from infinite distance to the condensing location [ The ] when passing 1 short 
focal distance lens 22) of the far field pattern of the laser beam by which outgoing radiation is carried out from 
outgoing radiation end-face 2a as shown in drawing 3 (a) and (b) - the - it is made by the location Fl of the focal 
distance fl with 1 short focal distance lens 22. and the pattern in the image formation location of the near-field of 
outgoing radiation end-face 2a - the - it is made by the image formation location F2 of 2 short focal distance lens 25. 
the - the distance from 1 short focal distance lens 22 to Fl - the [ LI and Fl to ] - distance to 2 short focal distance 
lens 25 is set to L2. 

[0025] The distance to 2 short focal distance lens 25 is short, here - drawing 3 (a) - like - the - the [ from 1 short 
focal distance lens 22 ] - the - the [ the focal distance fl of 1 short focal distance lens 22, and ] - when equal to the 
sum of the focal distance f2 of 2 short focal distance lens 25, negative distortion is not generated to the pattern of the 
image made by the image formation location F2 (at namely, the time of Ll+L2=fl+f2), but an image formation 
condition serves as the configuration P of outgoing radiation end-face 2a. 

[0026] on the other hand - drawing 3 (b) - like - the [ from a location Fl ] - if distance L2 to 2 short focal distance 
lens 25 is made longer than a focal distance f2 (namely, - if it is made Ll+L2>fl+f2) - the - negative distortion like 
configuration P' occurs to the pattern of the image made by the image formation location F2 with 2 short focal distance 
lens 25. 

[0027] Distortion aberration is a defect which makes the form of the whole image distorted from the first, and, in 
negative distortion, actual image quantity becomes small rather than ideal image quantity. For this reason, the energy 
intensity distribution of the near-field image (pattern) in the image formation location F2 which negative distortion 
produced turn into distribution which serves as concave in the center section and has a peak on the outskirts. In this 
invention, the property of this distortion aberration is used and image formation of the near-field image which negative 
distortion produced is carried out on the target of an eye organization. Thereby, concentration of the heat to a center 
section is suppressed and it becomes possible to acquire a uniform coagulation operation in the exposure side whole 
region. 

[0028] the [ in addition, / from the image formation location Fl ] - the distance L2 to 2 short focal distance lens 25 is 
set up according to the generating rate of negative distortion so that a uniform coagulation operation may be acquired 
on a target, this gestalt - the - the [ 1 short focal distance lens 22 and ] - when the focal distance of 2 short focal 
distance lens 25 is made the same and the diameter of a spot is set to 500 micrometers, he is trying to lengthen the 
optical path length long enough by using the 1st prism 23 and the 2nd prism 24 so that the generating rate of the 
negative distortion generated in respect of a target may become about 10% Moreover, although the circumference of an 
image will fade on a target if negative distortion is generated, magnitude of a coagulation group is mostly made to the 
magnitude as the setting of the diameter of a spot by making the generating rate of negative distortion about 10%. 
[0029] Next, the actuation is explained in equipment equipped with the above configurations. 

[0030] A way person observes the eyegrounds illuminated by the illumination light from the lighting section 6 through 
microscope section 4a. Observing the aiming light irradiated by eyegrounds, diameter accommodation knob of spot 5b 
is used, and a way person sets up the diameter of a spot for which it asks. When you make the diameter of a spot into 
comparatively big size (200-500 micrometers) here and you perform the photocoagulation, suppose that the 1st prism 
23 has been inserted in an optical path. Moreover, a way person sets up irradiation time, an output, exposure gap time 
amount, etc. with the various switches of the control section 3 in order to make laser beam exposure conditions 
determine. According to the condition of a patient's affected part etc., these setups are determined based on experience 
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of a way person. 

[0031] Next, the joy stick formed in the way person side and a manipulator without illustration are operated, and 
alignment to the affected part is performed. A way person performs laser radiation using a foot switch 7, after doubling 
with the image formation location of the near field pattern used as par FOKARU so that aiming light may become the 
smallest on eyegrounds namely. The laser beam from a laser light source 10 is led to the laser radiation section 5 with 
an optical fiber 2, distortion negative in a target side is brought about according to the distortion generating optical 
system 21, and the light guide of the laser beam which passed through the distortion generating optical system 21 is 
carried out by the relay optical system 30 to target side patient eye eyegrounds. 

[0032] Drawing 4 (a) calculates the energy intensity distribution on the target when making the 1st prism 23 insert into 
an optical path, and generating negative distortion, here - the - the [ from 1 single focal distance lens ] -- 200mm and 
the diameter of a spot of a laser beam are set to 500 micrometers for the distance between the optical paths to 2 single 
focal distance lens. Moreover, a horizontal axis shows the magnitude of the diameter of a spot, and the axis of ordinate 
shows the reinforcement of energy. 

[0033] When negative distortion is generated and a laser beam is irradiated so that it may illustrate, the reinforcement 
of the center section of the exposure side is low, and is in the condition that surrounding reinforcement is high. For this 
reason, in the photocoagulation which carries out a laser beam exposure on eyegrounds, heat cannot gather in a center 
section easily, orientation, such as beginning to be burned from a center section, is suppressed, and it becomes easy to 
form the coagulation side of a uniform burning condition. 

[0034] moreover - the case where make energy intensity on a target into abbreviation homogeneity as usual, and laser 
radiation is carried out ~ insertion-and-detachment knob 5a - using it - the 1st prism 23 - from an optical path - 
removing - the - the [ 1 short focal distance lens 22 and ] - outgoing radiation of the laser beam is carried out in the 
condition of having considered as the optical path length in whom negative distortion does not generate the optical path 
length between 2 short focal distance lenses 25. For example, in treating by opening a hole in the iris etc. using the 
diameter of a spot small at the time of a glaucoma therapy, energy intensity is made into abbreviation homogeneity as 
usual, and it carries out laser radiation. 

[0035] Drawing 4 (b) shows the intensity distribution on the outgoing radiation side of the laser beam when removing 
the 1st prism 23 from an optical path (the diameter of a spot could be 50 micrometers). Since intensity distribution will 
be in a uniform condition as shown in this drawing, homogeneity can be made to condense a laser beam and a hole can 
be efficiently opened in the iris. 

[0036] Moreover, by removing the 1st prism 23 from an optical path using insertion-and-detachment knob 5a, even if it 
is the case that the diameter of a spot is large, as shown in drawing 4 (c), a laser beam with the uniform reinforcement 
of an outgoing radiation side can also be obtained (the diameter of a spot is 500 micrometers). 
[0037] Although negative distortion is generated and it was made for the diameter of a spot not to generate negative 
distortion with the gestalt of the above operation at the time of less than 200 micrometers when the diameter of a spot 
was 200-500 micrometers, it may not restrict to this and the diameter of a spot may generate at least less than 200 
micrometers of negative distortion. Moreover, the formation condition of negative distortion can also be changed 
according to the magnitude of the diameter of a spot. 

[0038] Drawings is drawing having shown the outline of the optical system for changing the formation condition of 
negative distortion according to the magnitude of the diameter of a spot. The gestalt of operation which is shown all 
over drawing and which was mentioned above and the thing of a same sign have this function. 
[0039] As shown in drawing, when changing the magnitude of the diameter of a spot of the laser beam by the zoom 
lens group 13 using diameter accommodation knob of spot 5b, it considers as a device which the 2nd prism 24 moves 
in the direction of an arrow head according to the variation of this zoom lens group 13. For example, the actuation 
signal of diameter accommodation knob of spot 5b is inputted into the migration device 60 which consists of motors 
etc., and the migration device 60 moves the 2nd prism 24 according to the output of the actuation signal. The migration 
location of the 2nd prism 24 is beforehand determined according to the diameter of a spot set up. The configuration 
mechanically performed according to actuation of diameter accommodation knob of spot 5b in a rack & pinion may be 
used for migration of the 2nd prism 24. 

[0040] in order that the diameter of a spot of a laser beam may change and the 2nd prism 24 of prism may move 
according to the variation of this diameter of a spot by using diameter accommodation knob of spot 5b by considering 
as such a device - the - the [ 1 short focal distance lens 22 and ] - the optical path length between 2 short focal 
distance lenses 25 changes. Consequently, it becomes possible to form the image formation pattern of the near-field 
which has the negative distortion according to the diameter of a spot. 

[0041] Thus, it becomes possible to perform the still more desirable photocoagulation by forming the near-field image 
which has the negative distortion according to the diameter of a spot. 
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[0042] Although the operation gestalt explained above explained the example which all used the optical fiber 2, when 
leading the laser beam from a laser light source 10 to the laser radiation optical system 20 by a mirror etc., this 
invention can be similarly applied by inserting the homogenizer optical system replaced with an optical fiber 2 between 
a laser light source 10 and the laser radiation optical system 20. 

[0043] Moreover, although semiconductor laser is used for a laser light source with the gestalt of this operation, it does 
not restrict to this, and it is applicable if it is the laser used for the photocoagulation therapy of eyegrounds, such as 
krypton laser. 
[0044] 

[Effect of the Invention] As explained above, according to this invention, in the image formation side (on a target) of a 
laser beam, the reinforcement of a laser beam serves as concave in the center section, and it can consider as distribution 
which has a peak on the outskirts. Consequently, the orientation to begin to be burned from a center section on a target 
is controlled, and a good coagulation condition can be acquired. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] A laser therapeutic device equipped with light guide optical system which is characterized by providing the 
following and which carries out the light guide of the laser beam from a laser light source to patient eye eyegrounds 
Said light guide optical system is homogenizer optical system which carries out abbreviation equalization of the energy 
distribution of a laser beam. Distortion generating optical system which makes an outgoing radiation end- face image 
which it is arranged between relay optical system with a lens which relays an outgoing radiation end-face image of this 
homogenizer optical system on eyegrounds, and this relay optical system and said homogenizer optical system, and 
carries out image formation on eyegrounds generate negative distortion aberration 

[Claim 2] Homogenizer optical system of claim 1 is a laser therapeutic device characterized by being the optical fiber 
which carries out the light guide of the laser beam from said laser light source. 

[Claim 3] It has 2 short focal distance lens, the [ by which said distortion generating optical system is arranged 
sequentially from said homogenizer optical-system side in a laser therapeutic device of claim 1 ] - the [ 1 short focal 
distance lens and ] - the [ said ] - a focal distance of 1 short focal distance lens - the [ Fl and / said ] - a time of 
setting a focal distance of 2 short focal distance lens to F2 - the [ said ] - the [ from 1 short focal distance lens / said ] 
- a laser therapeutic device characterized by making distance of 2 short focal distance lens longer than F1+F2. 
[Claim 4] a laser therapeutic device of claim 3 -- setting the [ said ] - the [ from 1 short focal distance lens / said ] - 
a laser therapeutic device characterized by setting up distance of 2 short focal distance lens so that a rate of negative 
distortion generating may serve as a value which carries out expected. 

[Claim 5] a laser therapeutic device of claim 3 - setting - the [ said ] - the [ 1 short focal distance lens and ] - 
between 2 short focal distance lenses - the [ said ] - the [ 1 short focal distance lens and ] - a laser therapeutic device 
characterized by what an optical-path-length adjustable means made adjustable has stationed the optical path length 
with 2 short focal distance lens for. 

[Claim 6] A laser therapeutic device characterized by providing the following an optical-path-length adjustable means 
of claim 5 - the [ said ] - the [ 1 short focal distance lens and ] -- a beam reflective member arranged out of an optical 
path between 2 short focal distance lenses the - a beam reflected by said beam reflective member after bending a beam 
which passed 1 short focal distance lens - again - the - a beam bending member led to 2 short focal distance lens, and 
this beam bending member - the [ said ] - the [ 1 short focal distance lens and ] - an insertion-and-detachment means 
to insert to an optical path between 2 short focal distance lenses 

[Claim 7] It is the laser therapeutic device which is equipped with a variable power optical department which said relay 
optical system makes change an image formation scale factor on eyegrounds in a laser therapeutic device of claim 5, 
and is characterized by considering said optical-path-length adjustable means as a configuration which carries out 
adjustable [ of the optical path length ] according to modification of an image formation scale factor by said variable 
power optical department. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is drawing having shown the appearance of the laser therapeutic device used with the gestalt of this 
operation. 

[Drawing 2 ] It is drawing having shown internal optical system. 

[Drawing 3] It is drawing having shown the optical arrangement for generating negative distortion aberration. 
[Drawin g 4] It is drawing having shown the intensity distribution of the outgoing radiation side of a laser beam. 
[Drawin g 5] It is drawing having shown the optical system for changing the formation condition of negative distortion 
aberration according to the magnitude of the diameter of a spot of a laser beam. 
[Description of Notations] 

1 Main Part of Equipment 

2 Optical Fiber 

2 a Outgoing radiation end face 

4 Slit Lamp Delivery 
4a Microscope section 

5 Laser Radiation Section 

6 Lighting Section 

10 Laser Light Source 

20 Exposure Optical System 

21 Distortion Generating Optical System 

22 the — 1 Short Focal Distance Lens 

23 1st Prism 

24 2nd Prism 

25 the - 2 Short Focal Distance Lens 

30 Relay Optical System 

31 Relay Lens 

32 Zoom Lens Group 
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DRAWINGS 




[Drawing .!] 
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[Drawing 4] 




[Drawin g 5] 
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KEBS*ifcK'-.*E*ttB*f£, aSlfijSEjftffidu^X 

T?R*tLfc f — ASrff t5«2 ffij»j{Re«^>'X^I»< t* 

JIft£EK u>X t * 2 mm&ttBM u-^XwP«gco3tgSJc 
#*-*-«*WJt#«i:, tiiSiiSrlfttitii'-f 

[Ht#JS7] tt#*5©u~- iPi!&«£Bi::*st*-C, Aft 
IEy #**ii«E±^©*£B«**EH$*3E« 

[0 00 1] 

BMtU *WHS:tT5rifcJ:9ifea?S:1?5 !fte« 
&BKM1-*. 
[000 2] 
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[«*a»] #«B*?T5 I'-lfteBiSfifcM:. If 

SrIRfiioflMtE W—ifv h) -eJSikS-tirf^u— !f 
fiB-lti-s^^^-^^^^xt, ^— if y K±-etbW« 

10 [ 0 0 0 3 ] 

h&msLfcftQ-x-ftte < , E*<**EK:£f ttf* 
[0004] ±'ia«*aE«<»3raH»i«*, « 

BEK:*5l*T «fc 5*S-4«ltti (KBDE) r t 

5 i>-1ftM«SBfc««-*-S r. £ SrfttfrEEii- 

20 So 

[0 0 0 5] 

[0 0 0 6] ( l ) u— tf3taS7J>P>co u— tf^tSrJgi* 
*SV^T. l»E*3fe**3RH:, if3tro*^A"¥»** 
1f3t**«?BMti«ffi«4:IRJS±»= ^ u— T-5 u>XSrlt 

if t wratrEB a?n, iME±ir^Bi-5 tastffiiffi 

[0 0 0 7] (2) (1) CO^^E"^^^ -tf3t^5R 
tt, SftlEL'-1f3tagJi^cou— tf3t*3S3ti-2.3t7r-f 

[0008] (3) (l) cou— 1ff&Sj?3£filc*jv> 
SftlESgft*4*^*W:i!ftlE**^*-?--<-!f**3R« 

40 Sgg|i->X^(i^, IftEmiM^.jfeSEIItL'^Xw^gg 
■ftFl, WIBlg2M^^EESI^>'Xcc»^^EgfltSrF 2 
tUt^, AtlEmiM^ffif!tu^X^t,flftEIB2S 
».^8gSlL'>'XOTEg«Sr Fl+F2«t(9ft<L/cri:Sr 

[0 0 0 9] (4) (3) 60U— if*fe*SB»=*3V* 
T. WEmiM«^SE«u^X7l^flliiam2M^SE6S 
wvX<73Sgg(||i, ftcOiSft^oW-g'^gfJtli-raBi:* 

[0010] (5) (3) rou— tff&3^3Sfi»=*3^ 
50 T, «TE*lfi«jiSffi«u>'X4:*2fi«j{RE«u>X 



(3) 



.10 0 11] (6) (5)'036M?r«*»tt. IKE 
SIS 1 JBiftiMaB k^Xt SB 2 JE*RjS(B* u>X«5|«!©3fe 

vXfcilii Ufc .tr— A&tff 9 ft»f fcfftizttC V— ARM 
8Wl"CKlt bfc tr-A 2 fEMjftSK i^X^ag 

< tr— *lf»#i:, ttK'— Ajff 9 ftlfttWSrHtria 

jr i MMM.vm^^^tm2mm^m$^>^<ofsi<r>tit 10 

[0 0 12] (7) (5) <73U— if?&&g«ir*5^ 
[001 3] 

K««?^«H«r*bfcBI-e*>«. 20 
[0 0 14] 1 f4^e**T-*> 9 , ?t?iiatrffiffi-t--5te 

[ooi5] 3 (4 u— f ffl^fi&ttPtrase <r> u— «PBB*t 

4 ttA^IISrSfiS VKtf h t— If *Sr**Kw ASBfcfifl 
St-T-S^y y>7^f !I^K'fo*)> 3t7r-<^2lc 

y ;/ hfiBK-f-5fi8^gB6, 2K|gtf>IRf»gEfflU a Srffit 30 

[0 0 16] u— tfSgStg8 5t3»irteB{c|gg$nT^.5 
fcfcojtfJtt^S 5ai. «*KiaKi:»-ttlft-f 5 ^~ 
;i-5fc£>W*;tfy h^PtS^-^S 5 hfrWtVhftX*^ 
U— *r%(T>*-&y h^Sr 5 O M md^ 5 0 0(i m*T*^ 

40 

[0017] H2tt*^Bro3t#*«r8ft^-t-SE-x?ib 
•5c 1f5t*l 0*»6©l'-f*tti*H'^l 2^ 
i9 7r-r^<2(73AWffiffil-*3fe$H. 7r-f'<2rtC 
ASt-t-^o iJtl'VXl 2 u— ^ill 0«DK»w(i^ 

Xl 6£7>Lfcf&. ^^ta^f 1 l\z£V U 

—f^tmi ofrh(D\/—*fytbmmz&ftz>o ^mx 

ttffl-f-^f&SffflcOU- ifJtaSl 014. 1 064nm©S 
#i£&3§fi-r5Nd : YAG 1f/4>b. ^OT 2 (Sfife ( 5 3 50 
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2 nm fii»«i3fc) X'hZm&ftZn* t^Sr^ffl LT 
V^-5„ $fc^-f ^>-ym<D%m.l 5lr»4 6 3 0 nmCD# 

[0 0 18] ?fc 7 t-^ 2 Id £9 u— »>-*3feJSi 0 
u~if5t(4 u— tf Bastes 5 ln^jWxa. %-7 r'('<2<n> 
mW4ffiffi2 a 7l»ibmtt£ix5 V— tf3tO>^*/U=¥#* 
»4. %.7T<4'<2$:i&mi-ZZ.bX'V&*!3— itZHZo W 
— y-'ftP.StaJ 5 rtgBK (4*7x^^2 A^aiSt$ix-5 U— ' 
*f%*9-?vy (A#«E<DlRjft*jE) 
<DflSlt3fc^3R 2 0 Srff*.S. JSIt*¥* 2 O r << 

*£3t*3R 2 1 £ . SItfe$g£7fc*^ 2 1 Xt4?fc7 r W '< 

2 p> to u— * — -y y 

3 0ICtM$ttTV^. 

[0019] !iift«43t*jR 2 1 14, « l.HiftjftEttU 
yX2 2> $17"!JXA2 3 > I27*!)XA2 4, «2 
.fiI^SSiH'X?-5S:i)t5. ^lXyX^23!47 
-y^&f^^-^Offiitlw.J;"?, IfJfty^S 5 a SrBf^i 

4oti>5. mi 7"y x^ 2 3^7t^«-i*A$iv-rv^ 

it. R^(73ffiS<£rlfo*7 7-^-' < 2«01±JltiSDB2 a A» 
i@-t"-5i:, «l ^y XA2 3irJ:oT-e<03tK* s *ff 

*u ^27*yxA2 4i:tsf»)i^fcf:^ miT'y 

XA2 3— [6]^9o -tWU— y-'3t»4^1 Xy XJ>.2 3T- 
Sl/^-co*g§4rft»f hti. m2ia.M&mM^X2 5Sr 

[ o o 2 o ] &mm<oi&mxti., rroi^mi^y x 

A23, S2-XyXA24Sr«Mi-2)ri:{rJ:«3. ^tf^ 
^- ^ t?*' 1 JS*k££MI u>X2 2, ^2gi ^Sggt u 
VX2 5lB«5*ftftS:*ft"e** i 5KUTt?S*, - 
tttcpgSt.wr-l4/£< , SWSv-^^rlg^ttfflbr 

[0 0 2 1 ] yu-3t^3 0!4, !)V-1/>X3 1, 

x-Ai^xs¥3 2, m«h^>X3 3, u— y-'TtwaiM 

X8f3 2»4^.^5' 5 bSrttfflt^lil: 

5 C S#HEW|gj£{r(4^V^^ hvyX3 5S:^LT 

[00 2 2] RP.BJgU 6 KlttflHW** 4 0 ^IB« $ 
W3tSS4 OA»t,Wfi«^3t»4='V'r>"^— 1^X4 1 , ^• 
y 7 h4 2> &I2U^X4 3S:^L7t«. $>«iJ5 9-4 
5a, 45 b-rKW£;aT.&#BBE£rl&931-3o 44(4 

u>-XT-fo^„ KlgaHMMttM a riATttiVvX 

5 0, ^«7t^^5 1 . Sg7-f/^-5 2, iE&Xy 
Xi,f¥5 3, 5 4. «flguvX5 5 Srffi^.5 0 

[0 0 2 3] ^tc, sntt«£3te9fc5R 2li:i 



5 

14, sftBjwffiHi, 7 p yx^2 3, 2 4 ^ffiffl-fr-raii* 

[0024] 1213 (a) (b) £3*1" J: p Ic, ttiltiffi 

—wwmm. (*ITOft»&ftiM*kiMBti*:'X2 2 
SriIi@Ufci:#<aB3fcffiB) #*iSBj£BlltH'X2 
-2Jri«?^(7?^,4rSgBSf l^filF l fctfsfeixs. tL 
TffiWSSffi 2 a ©=77^ -/U KOBBttBTW**"— 
>'I4»2BBjSBBU>'X2 5 WttBtfcfiF 2fcflse>ft 
■5. BlBBj£B«U'i'X2 2*>bF 1 *-CK»EgfilSrL 10 
K F lrt>ibft2 fijiiUBI^X 2 5*T-cDKEBtSrL 
2i:-t-S, 

[0025] ni3 (a) <n&b\z.%\mMtm. 

gf U- VX2 2a>bft2M£j&EBf 1^X2 5*T<75ggB 

mimmM.$m\s^x2 2<Dm&m.&t itm 

#14 (-T/£h)*jL 1+L2=f i + f 2roi^i±) , & 
BffiBF 2\zftbtiZ>i&v>/<* — ^KK4ft<D2IfBH4$g£ 
*i\ *§B:|KBl4tij*t»ffi2 a©fttPt45. 

[0 0 2 6] — 133 (b) 5«-> &BF lri»P> 20 
ft 2 mM&WM i- >X 2 5 * T?05BB L 2 Sr&jSgESt f 
2±!9e<i-5t (-t-*h>t>L 1 +L 2 > f 1 + f 21- 
-f^xk) , JR2fi«jRE«u^X2 5^J:SJ$«fcffi«F 

[0027] sfliRattbfc tfcfc£fc<D»*s**.s 

**Wt?tt.- rroBBBBo«rte«rfiJBU 
*05Btt#£Cfc=T:7*— /UKBfclBBB©*— <yy 

[0 0 2 8] 4*, BBttBF l£>&B2BftjjUEIBi'' 
vX2 5*-CroffiB'L-2tt, * — h±fC*3f>T*9— 
fcBBflUBtfBMtS J: 5 ic, A4>fiA«>B£tttia& 
CTI&7E£ft,Z. *««t?B:BlB«ljSElltuvX2 2 
iB2BBjfcBBu>'X2 5©BjfcBJii$:HCfcU * 40 
sKy h^£5 0 0 n m t Ufc ir # K y hffiT-$§± 

i-SAoiiftco^ifiJ-^/iSl 0%*!&£:&34 5lw, ft 
l/yXA23 > !2 7 , !JXA2 4 5:tft5ri:T-3t 

iJit^Tjs, *©2*©38*»^*i o%saiw-rsr t 

[0 0 2 9] W±»4:5**J*«:B*.3BB«=*5 
i>T, ^Wi6f^SrSiM-t--5 < , 50 
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[o o 30] ffi&&tim&6fi*bv>mmyt\z.£.<>xmb 

$*\,fclgS£ v R»^S5 4 a ^iiLTS^i-.5o *I5#I4 

bBBBS^S 5 b £<£/H It. BrS-t-'S y 
H^i"*. r :t^#> h^£ittfciH}*:#4-!^X (2 
00~500ym) I- LT3t@BSrtt P £#14, ft 1 X 
■JXA2 3£ft&KifALfc££«!:L-C*S<„ B 
#14 u— tP#BB*#«r»B$-ti:5fc*, = V>a-/u 
»3©#«^W y^lrtBHtWIB," til*, BBMHKBM 

[0 0 3 1 ] &J::, ffi&mzmtbfrlti'a'fXTJ y 

,u K'<*— ^©BBffiBfc^fcrttrfcB, 7yM^f y^. 
7 ■fmM&ftOo u— IfftBl 0frb<t> 

^—V%\$.%-7 r 4 * 2 \z 4 \> is— »f fiSStSB 5 dig 

Mft^*7t^2 Hc4oT^-y5/ hSt*tC»l 
«**tfcfe*n» ■Bft*4**3R2 1 SrSTtl — ■ if3t!4 
y 3 0 K4 *) &-¥ v hffi.##lIISJ£*T-^ 

[0 0 3 2] HI 4 (a) «4, ft 1 X D 2 3 Sr3feKrt 

(4ft i ^..^S§«l u ^x^ e> ft 2 #«^gg« u yxs x- 

oytl&mcnym:* 2 0 0 mm, U— if3t^^.^y hmSr 
5 0 0»mtLtt^ o fflfaftT-tfy 
^Sr, «Wf4^/UJf ; <03*SSr^br^-5c 
[0 0 3 3] El^-T54 51:, #wiftlrl4$ttu 

KJS±lwi — 1f3feMSt^-rS3fe®ia(:*J^TI4, ^ 

[0 0 3 4] *fc, m&m*) hJiT-tD^/U^ 
»*SrB«9-l= L-T tP RP,ttSr-t-5^-a-i-|4, 

5 a £M£fflLTftlX!/X-k2 3 <Sr3tSSXt^^ LT 
JSifiMBluyX2 2, l2Mj^gii/^ 
X2 5BB<Z?3tK«iS:^W5ift^4b4v^3tKftt bfc 

B-f BS-trtt. %Bifi 9 a^A-^BBSrMHS-K bT k 
— ifBltfci-S. 
[0 0 3 5] 14 (b) »4ft 1 X U XA 2 3 *%'&frh 

fcOT'feS (^.^y h^J45 0 7i mi Lfc) „ r<73|2I(C 
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[0 0 3 6] M^^^i^t-fcoX 

^b^-f-r tjd<t >5 , 1214 (c) iztik-txji-. mftm 

SI* 5 0 0m m) „ 
[0 0 3 7] )ik±.V>nM<nWmX'\±^ 7#yMj)52 0 
0~5 0 0 Mm<75t#{rft(75f|ffiSrl§4$-tSr, ^#yF 

Lfcas, rni:E5t<ft?ii!i<, ^^-yhlii^oo 
[0 0 3 8] B5li^#!/ h^<0^:#$JZ(£:DT^<OSi 
[•0 0 3 9] HK*tJ:5K, hWm&y^^ 5 

i 3 (vrntmiziz txm 2 7 y x^ 2 4 *s^En*i6ite» 
flf 6 okatjsj-u *<o«fE{g-^roai*fc:j&c-t*£ibttl 

i 6 0 2 / U XA 2 4 Sr^ftS*?.. !&2XiJXA 
$iXTV>5„ S2^!)XA2 4©»*lli7 5'?&f=t 

[0040] iroi^iiiitsrtciO, *tfv 

[0 0 4 1 ] r<7)J:5l-> hS»wj&Cfc*roM* 

[0 0 4 2] WittH Lfc*lfc»lKTH:. {stfxfcTfe^r 
■1 /< 2 trfflv^Mtrttn Life**, 5 5— «re u~1f AM* 
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14. u— ^*Si 1 0 t U— tfflMt*** 2 0 ON K7t7 
r W /< 2 Kttfc 5 /fc^e i> * if #ft* & # 5:t 
(wit), *^BJ$rPl«irSffl-e#2> 0 

[0 04 3] *$mV>J&teX-\&\s— *f%M\Z!£m 

[0 04 4] 

10 u— tf^wife^ffi b±.) K*it*-cu— iffto 

^^V+^rSCT-Dfli:^ 1 ?, JliaXk°-^75S*)5 «fc 5 
*tt"-5- i:#.-c#5 0 -*r<a*£*, * — h-LKiT* 

[0E<Df95*/iIftPJ] 

[ill ;#361fca>«8S-eteffl-*-5 u— !ff&lR3*«ro*HR 

[El 2] rta5W7t^Sr^bfc0-C*>5. 
[1213] ^<omEftilXSS:*4$-fr'5fc*«^*^Efi*^ 
20 LfcE!T?fo^). 

[1214] V— 1f3tcoffiltffico3taE^^|i^^UfcgIX-*) 

[sis] u— if^to^^y bm<o±z £\~fccxMv>m 

X'hZo 
[ftOTO] 

1 . 

2 %Vr^^ 
2 a ttHtWOE' 

30 4 ^y->>7>7 , fH^!J 

4 a 

5 V—VMHM 

6 figBJgB 

1 o u—-f%.m. 

2 0 ■|»St3t^5R 

2 1 Sft»4*^3R 

2 2 ^lMJft^KHt^^X 

2 3 f IT'yXA 

2 4 ^2XIJ 

40 2 5 «5 2*gj»jiSraiH'X 

3 o y t — 3fc^ 
3 1 !)V-uyX 

3 2 X— AU^XS* 
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